Abstract -The fragmentation mechanisms of the ethylene ketals of variously substituted cycloalkanones have been reinvestigated by deuterium labelling and at low electron energies. The data suggest"a reaction involving hydrogen migration and recyclisation of the ring-cleaved molecular ion.
INTRODUC TI ON
The silylation of primary alcohols (Ref. I) is one of the earliest examples of the introduction of a functional group in order to facilitate the interpretation of a mass spectrum • The analysis of a mixture is made much easier and the determination of the molecular weights unambiguous • The mass spectra of alkaloids are usually simple and they consist of a few peaks only • Since 1962 this observation made us look systematically for functional groups which were easy to introduce and which would have the same directing effect on the fragmentation as the nitrogen containing groups • The ethylene ketal group soon appeared to be one of the most prom~s~ng in this field (Ref. 2) • Thus, while the mass spectrum of a 3-ketosteroid exhibits a large nurober of peaks which are difficult to interpret, that of the corresponding ethylene ketal is much simpler ( In spite of these results some minor peaks still remain unexplained • Of course, the obscure points would have been ignored if it had not been observed that at low valtage the intensity of certain peaks increased tremendously and that the general appearance of the spectrum was often considerably modified • A re-investigation of the mechanism thus became necessary •
REACTION PATHWAY
Numerous experimental data, some of which will be presented later are in favour of a nonconcerted mechanism for the fragmentation of ethylene ketals • In particular, the scrambling of hydrogens in positions 2 and 6 to the functional group implies the existence of several intermediates • The molecular ion rearranges (Ref. 20) by foi'Iiling radical ions identical to those produced by the direct band cleavage • A detailed study of the reaction pathway shows that depending on the compounds studied and the nature and position of the substituents, these primary intermediates have quite different fates • The relatively large difference between A.P. (14d) and I.P. (14a) is indicative of the existence of a strong kinetic shift (0.6 eV), the origin of which is associated with the formation of the ion m/e • 113 by a mechanism that will be explained later • The A.P. of this ion is lower than that of (14d) 
Influence of substituents
Substituents can modify the relative positions of these energy levels. Thus an OH-group or a gem-dimethyl at position 4 leads to a final state with lower energy than of the intermediate open ions on account of the stability of the radical formed. In the case of ethylene ketal of 2,2'-dimethylcyclohexanone the first step requires very little energy. A tertiary radical is actually formed from the first cleavage (Fig. 5 ).
The observed results may be explained on the basis of the proximity of the energy levels and their relative positions.
REARRANGEMENT OF MEDIUM RINGS
The spectrum of cyclohexanone ethylene ketal exhibits not only the expected peak at m/e = 99 (ion A) but also a peak at m/e = 113 (ion B) • The relative ratio of ~-heir abundances (denoted hereafter as (99) The new rearrangement cornpetes at low electron energies. A hydrogen frorn c 3 is transferred to c 6 giving (14f) which recyclises to a rearranged molecular ion (14g) . Cleavage by the classical rnechanism forrns ion A (14d) rn/e 99 and ion B (14h), rn/e 113 • The spectrurn of the tetradeuterated (21a) confirrns the first H-transfer (Fig. 8) . Besides the peak at rn/e 100 (classical rnechanism), peaks at rn/e 99 and 116 are found, whose intensities increase at low electron voltage. The second hydrogen transfer is derived frorn the spectrurn of the compound deuterated at c 3 ( Fig. 9) • At 70 eV the only observed peaks are found at rn/e 99 and rn/e 101 (ions (22b) and (22c)) while at 10 eV new in tense peaks at rn/e 100 (ion (22d)) and m/e 113 (ion (22e)) are observed • The reverse rearrangement has also been observed . The spectrurn of the 2-rnethyl-d 3 -cyclopentanone dioxolane (23a) exhibits a peak at rn/e 100 with its decreasing intensity at low voltage • This peak is explained by the proposed rearrangernent (Fig. 10) . (27) ...... 
In the case of cyclohexanone ethylene ketal the two transition states directing the rearrangement are energetically very close • Since the frequency factor of the simple cleavage is greater than that of the hydrogen transfer, the rearrangement is favoured at low voltage • If the energy level of the final state is lowered, for example by introduction ofa hydroxyl group in position 4, then the direct fragmentation is preferred and the rearrangement is practically non existent (Table 2) .
SOME APPLICATIONS
The spectrum of the ethylene ketal of methyl jasmonate (29a) is a very good example of this rearrangement (Ref. 24) (Fig. 14 and 15 Although it may be comparatively weak the rearrangement with ring expansion may also be observed (Fig. 17) The rearrangement may generally be observed in ketones, alcohols, ethers and cyclic amines An example is illustrated in Fig. 18 • 
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A dioxolane derived from a large ring ketone undergoes the inverse rearrangement with ring contraction.ä detailed study carried out on 7-membered and ~-membered rings suggests that this process is identical to that already studied • However, an important factor which directs the rearrangement is the stability of the ring and priority is given to the formation of the 6-membered ring ( Soc. Chim. France, 2292 France, (1964 • ----(5) H. E. Audier, M. Fetizon, J. C. Gramain, J. Schalbar and B. Waegell, Bull. Soc. Chim. France, 1880 (1964) • (6) ~Audier, J. P. Begue, P. Cadiot and M. Fetizon, Chem. Comm. 200 (1967) (7) H. E. Audier, J. Bottin, M. Fetizon, J. C. Gramain and G. Sozzi, Bull. Soc. Chim. France, 2408 France, (1973 • 
